Background: Neurovascular contact (NVC) of the left rostral ventrolateral medulla has been implicated in the pathogenesis of "essential" hypertension, and recent studies suggest that this anomaly may be genetically determined. We therefore assessed the prevalence of this vascular anomaly in young normotensive volunteers. We also studied blood pressure, heart rate reactivity, and changes in baroreflex sensitivity in response to mental and physical stress in a subset of subjects with positive and negative brainstem findings. Methods: Magnetic resonance imaging of the brainstem was performed in 113 young (aged 25 Ϯ 8 years), normotensive male volunteers. Baroreflex sensitivity was then assessed in 13 subjects with positive brainstem findings and 20 subjects with negative findings. Results: Left-sided NVC was found in 19 subjects. Blood pressure levels, heart rate, and baroreflex sensitivity
N eurovascular contact (NVC) of the left rostral ventrolateral medulla has been implicated in the pathogenesis of "essential" hypertension, 1, 2 and recent intervention studies [3] [4] [5] suggest that surgical decompression of the left ventrolateral medulla lowers blood pressure (BP) in these patients. Although the rostral ventrolateral medulla is known to contain major centers of cardiovascular control, 6 ,7 the etiology of this disorder remains unclear. Nevertheless, recent reports indicate that enhanced sympathetic nervous activity may be present in hypertensive patients with NVC, as compared with negative controls. 8, 9 We have recently reported that left-sided vascular compression of the cranial nerve IX/X root entry zone occurs in approximately 23% of patients with hypertension and in 16% of controls matched for age, sex, and body mass index (BMI). 10 The aim of the present study was to examine the prevalence of left-sided vascular compression of the cranial nerve IX/X root entry zone in young normotensive men. Based on the hypothesis that this anomaly influences autonomic regulation of BP response, we also examined the BP and heart rate response to mental and physical stress in a subset of subjects with positive and negative brainstem findings.
Methods

Study Subjects
We studied 113 young, healthy, normotensive male volunteers with normal BMI who responded to an advertisement posted on the university campus. Hypertension was ruled out by repeated BP measurements over 1 h docu-menting resting BP levels Ͻ140/90 mm Hg and an ambulatory 24-h BP measurement documenting BP levels Ͻ130/80 mm Hg. Information on family history of hypertension was obtained through direct communication with the parent's general practitioner. A positive family history of hypertension was defined as at least one parent undergoing treatment for hypertension. A negative family history was defined as normotension in both parents. The study was approved by the Ethics Committee of our hospital, and written informed consent was obtained from all subjects.
Magnetic Resonance Measurements and Image Analysis
Magnetic resonance imaging of the IX/X nerve root entry zone was performed on a 1.5 Tesla magnetic resonance imager (Vision; Siemens, Erlangen, Germany), as previously reported. 11 Hard copies of axial continuous constructive interference in steady state and time-of-flight magnetic resonance angiography images as well as threedimensional maximum-intensity projections of the arterial tree in 12 rotational views were reviewed independently by four readers. All four readers were unaware of the medical history of the subjects. Neurovascular contact on either side of the brainstem was evaluated using previously described criteria. 11 Cases in which no consensus decision could be achieved were defined as undetermined and were excluded from the analysis. Two typical cases are shown in Figs. 1 and 2 .
Blood Pressure and Baroreflex Sensitivity
Assessment of baroreflex sensitivity was performed in 13 subjects with positive findings and 20 subjects with negative brainstem findings. Blood pressure and heart rate were measured simultaneously once per minute with an oscillometric device on the upper arm (Dinamap 1846SX Criticon, Tampa, FL) and continuously with a beat-to-beat measuring device attached to the middle finger (Ohmeda 2300, Finapres, Louisville, KY).
After an initial 30-min resting period, of which the last Basilary artery is also shown (large black arrow).
FIG. 2.
Axial continuous constructive interference in steady state (a), axial fast imaging with steady-state precession source images (b), and three-dimensional maximum-intensity projection (c), which has been reconstructed from the source images. In this 18-year-old male subject there is a dominating left vertebral artery (large arrow). The IX/X cranial nerve root is clearly visible (a, small arrow). Descending limb (medium-sized arrowhead) of posterior inferior cerebellar artery demonstrates brainstem contact within root entry zone (a and b). Level of the brainstem contact is indicated in maximum-intensity projection (c, arrowhead).
5 min were evaluated, the volunteer was subjected to a pattern recognition test of 7 min (matrix test), an orientation test (manometer test) of 5 min, and a handgrip test of 4 min duration. Each test was separated by a 5-min resting period to allow BP and heart rate to return to baseline.
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The entire test series was administered by a computeraided speech-controlled system, which adapted the velocity and difficulty to the individual to maintain a constant level of challenge. 13, 14 Spontaneous baroreflex sensitivity was evaluated at baseline and during testing, using the sequence method based on the analysis of the relationship between spontaneous beat-to-beat fluctuation in systolic BP and the RRinterval of the following heart beat. Baroreflex sensitivity was calculated from the slopes of consecutive beats showing linear regression as described previously. 15, 16 Changes in baroreflex sensitivity were calculated as the difference from baseline for each stress period.
Data Analysis
All data were analyzed by descriptive and comparative statistics (t and 2 tests). The between-group level of positive significance was considered as P Ͻ .05.
Results
Seven of 113 subjects were excluded due to lack of consensus finding or to technical failure, and two were excluded because of an indeterminate family history of hypertension. Characteristics of the subjects are summarized in Table 1 . A positive finding of left-sided NVC was present in 19 (18%) subjects and a negative finding was present in 42 (40%) subjects. A borderline or an indeterminate finding was present in 43 (42%) subjects. A rightsided contact was observed in 18 (17%) subjects. Contacts on both sides were present in seven (7%) subjects. There was no significant difference in the frequency of a positive family history for hypertension between subjects with positive (47%) and negative (43%) findings. Although age, resting and ambulatory BP, and heart rate were similar between the subjects with positive and negative NVC, BMI was significantly lower (P Ͻ .001) in the group with positive findings (Table 2) . Nevertheless, BP levels remained comparable between the groups despite correction for differences in BMI.
Characteristics of the subjects who underwent stress testing are presented in Table 3 . Blood pressure, heart rate, and baroreflex sensitivity were similar at rest in the two groups. However, there was a trend toward a greater BP and heart rate response to the stress maneuvers (Fig. 3) . A similar trend was observed in the orientation test. In the pattern recognition and handgrip test, modulation of baroreflex sensitivity was significantly lower (P Ͻ .05) in subjects with positive findings. In a post hoc subgroup analysis in which we matched subjects for BMI (n ϭ 10 v n ϭ 10), the difference in modulation of baroreflex sensitivity between the two groups did not change in magnitude but gained in statistical significance (P Ͻ .02).
Discussion
In this study, the prevalence of left-sided NVC of the IX/X cranial nerve root entry zone in young normotensive men was similar to or only marginally lower than that reported in recent studies on the prevalence of NVC in hypertensive patients or matched controls who were, on average, approximately 30 years older. 10, 11 These findings would seem to argue against an important role of this finding as a cause of hypertension.
Nevertheless, subjects with positive findings for NVC showed a significantly reduced modulation of baroreflex sensitivity in response to mental or physical stress. This finding was accompanied by a trend toward higher BP and heart rate responses to these maneuvers, which may have failed to reach statistical significance because of the relatively small number of subjects (type 2 error). This observation is in line with the observation of a reduced baroreflex sensitivity in hypertensive patients with NVC in a previous report by Makino et al. 8 However, in that study, extensive autonomic function tests did not reveal differences in responses of BP or heart rate to mental stress, cold pressor, handgrip, Valsalva maneuver, phenylephrine infusion, or a clonidine test. Thus, although an impaired modulation of baroreflex sensitivity may be present in young normotensive individuals with left-sided NVC, this impairment does not appear to be the predominant factor accounting for hypertension in hypertensive patients with a similar anomaly of the brainstem. Thus, if left-sided brainstem contact turns out indeed to be a contributing factor for the development of hypertension, the nature of its contribution to the rise in BP clearly remains to be determined.
We performed stress testing only in individuals with left-sided NVC, as this was the lesion originally described by Janetta and Gendell 2 and subsequently by Naraghi et al. 17 Furthermore, experimental evidence also demon- MAP ϭ mean arterial pressure; SPB-adj ϭ systolic blood pressure adjusted for body mass index; other abbreviations as in Tables 1 and 2 . Mean Ϯ SD.
FIG. 3.
Changes in baroreflex sensitivity under stress testing. SBP ϭ systolic blood pressure; DBP ϭ diastolic blood pressure; HR ϭ heart rate; BRS ϭ baroreflex sensitivity.
strated that left-sided pulsatile compression of the medulla raises BP in primates. 18 Naraghi et al 17 also speculated on the importance of the left medulla, as this region receives important afferent fibers from the myocardial receptors of the left ventricle and atrium to the nucleus tractus solitarii via low-myelinated cardiac c-fibers of the left vagus nerve. 19 However, in a recent study, Morimoto et al 9 reported higher plasma norepinephrine levels in hypertension in patients with either left-or right-sided compression as compared with negative controls. Thus, we cannot rule out that differences in the modulation of the baroreflex sensitivity similar to those observed in the present study may also be found in subjects with a NVC on the right brainstem. An interesting but unanticipated observation in our study was a significantly lower BMI in subjects with a positive brainstem finding. Although this observation may well be a chance finding, one may nevertheless speculate that increased sympathetic activity in these individuals may have contributed to an increase in metabolic rate. 20 However, one may expect that higher sympathetic activity would be reflected by a higher heart rate, which was not present in our study. Nevertheless, Makino et al 8 also observed a lower BMI in hypertensive patients with NVC of the brainstem. Their patients also had significantly higher plasma norepinephrine levels despite similar heart rates. A similar trend was observed by Morimoto et al, 9 in whose study hypertensive patients with positive findings tended to have a lower BMI (23.0 v 24.4 kg/m 2 ) than those with negative findings, although the former also had increased levels of norepinephrine. Thus, it may well be of interest to examine energy metabolism in more detail in individuals with positive NVC.
Previous investigators have found left-sided brainstem NVC to be more common in hypertensive patients with a positive familial history of hypertension, 9 suggesting a role for genetic factors in the development of this anomaly. More recently, compression of the ventrolateral medulla was also found to cosegregate to 100% with hypertension in a Turkish family with monogenic hypertension and brachydactyly, 21 again suggesting a genetic basis for this disorder. Thus, one may have expected to find more individuals with a positive family history of hypertension than with a negative family history among subjects with NVC in our study; this, however, was not the case (47% v 43%). Nevertheless, it may be necessary to point out that our study lacks the statistical power to rule out fully an association between a positive family history of hypertension and NVC.
In summary, our study shows that left-sided NVC in the nerve IX/X root entry zone is present in approximately one-fifth of young, healthy, normotensive individuals, and that this anomaly may have subtle effects on modulation of baroreflex sensitivity in response to mental or physical stress. Whether this anomaly contributes to the future development of hypertension in individuals with these findings remains to be determined.
